Background: In an interim analysis of a Phase II trial in Japanese patients with pancreatic neuroendocrine tumors (panNETs), sunitinib demonstrated antitumor activity with an objective response rate (ORR) of 50% (95% confidence interval [CI], 21-79) and a median progression-free survival (PFS) of 16.8 months (95% CI, 9.3-26.2). Here, we report the final analyses of efficacy and safety, as well as additional analyses, from this Phase II study. Methods: This was a multicenter, open-label, Phase II trial (NCT01121562) of sunitinib in Japanese patients with panNETs. Patients received oral sunitinib 37.5 mg/day on a continuous daily dosing schedule. Dose modifications were permitted. The primary endpoint was clinical benefit rate (CBR). Secondary endpoints included ORR, PFS, overall survival (OS), safety and pharmacokinetics. Results: Of 12 patients enrolled and treated, all discontinued treatment-the majority (n = 8) owing to disease progression. Most patients were male (n = 8), <65 years of age (n = 11) and had a non-functional tumor (n = 10). The median (range) number of days on drug was 323.5 (22-727). The CBR (95% CI) was 75.0% (42.8-94.5). ORR (95% CI) was 50.0% (21.1-78.9). Median (95% CI) PFS was 16.8 (9.3-26.2) months; however, median (95% CI) OS was not reached (22.0-not estimable). Most common adverse events (AEs; all-causality) were diarrhea (n = 10; 83.3%), hand-foot syndrome (n = 8; 66.7%) and hypertension (n = 8; 66.7%). Conclusions: These results support the efficacy and safety of sunitinib in Japanese patients with panNETs. Appropriate AE management through dose reduction and interruption may prolong sunitinib treatment and maximize its efficacy.
Introduction
Pancreatic neuroendocrine tumors (panNETs) are rare and slowly progressing tumors (1, 2) . The incidence of new-onset panNETs in Japan increased from 1.01 per 100 000 people in 2005 to 1.27 per 100 000 people in 2010 (3) . Additionally, a 1.2-fold increase in the number of patients with panNETs was observed between 2005 and 2010: 3379 patients received treatment for panNETs in 2010, a prevalence of 2.69 per 100 000 people, compared with 2845 patients in 2005, a prevalence of 2.23 per 100 000 people (3) .
Many patients with panNETs present with unresectable and/or advanced/metastatic disease (4) . In Japan, there is a need for additional treatment options for unresectable and/or advanced/metastatic panNETs. Somatostatin analogs (SSAs) such as octreotide, alone or in combination with interferon-alpha, as well as cytotoxic chemotherapy, e.g. streptozocin ± doxorubicin, have been used; however, they have been associated with adverse events (AEs) and limited efficacy (5) (6) (7) (8) . More recent treatment options available for Japanese patients with panNETs include the long-acting SSA lanreotide, and the mammalian target of rapamycin inhibitor(mTOR) everolimus (9, 10) . Given the availability of several new and approved treatment options, it will be important to evaluate the efficacy and safety profiles of each agent, as well as the optimal treatment management, in order to select those patients who will benefit the most from the various treatment options available to Japanese patients with panNETs.
The vascular endothelial growth factor (VEGF) and plateletderived growth factor (PDGF) pathways play a critical role in angiogenesis and dysregulation of these pathways has been implicated in panNET growth (11, 12) . Sunitinib is a multi-targeted tyrosine kinase inhibitor (TKI) of VEGF and PDGF (13) . In a Phase III trial in patients with progressive, advanced/metastatic, well-differentiated, unresectable panNETs, sunitinib 37.5 mg once daily (QD) significantly prolonged median progression-free survival (PFS) compared with placebo: 11.4 months versus 5.5 months (hazard ratio 0.42, 95% confidence interval [CI], 0.26-0.66; P < 0.001) (14) . Recently, sunitinib has also shown clinical efficacy and tolerability in patients with heavily pre-treated, progressive panNETs and patients with grade 3 gastroenteropancreatic neuroendocrine neoplasms (15, 16) . Additionally, sunitinib demonstrated antitumor activity in an interim analysis of a Phase II trial in Japanese patients with panNETs (N = 12)-objective response rate (ORR): 50% (95% CI, 21-79); median PFS: 16.8 months (95% CI, 9.3-26.2) (17, 18) . Sunitinib is a standard therapy for patients with progressive, advanced/metastatic, welldifferentiated, unresectable panNETs based on evidence from the worldwide Phase III study (14) and further supported by additional data in Japan (17) .
In order to characterize the efficacy and safety of sunitinib in Japanese patients with panNETs, we report the final analyses of efficacy and safety, as well as additional analyses, from the Phase II study. The study evaluated the clinical benefit rate (CBR, also known as disease control rate) of continuous sunitinib 37.5 mg/day, as well as ORR, PFS, pharmacokinetics, safety and tolerability, in this patient population.
Methods

Study design
This was a multicenter, open-label, Phase II trial (ClinicalTrials.gov NCT01121562; Pfizer study number A6181193) of sunitinib in Japanese patients with panNETs (17) . The study was conducted at four centers in Japan between 28 July 2010 and 5 November 2013. The cut-off date for these final analyses is 27 December 2013. The trial, protocol, amendments and informed consent forms were approved by the institutional review board or ethics committee at every center and complied with Good Clinical Practice guidelines, the Declaration of Helsinki and applicable local laws. All patients provided written informed consent.
Patients
Eligibility criteria have been reported previously (17) . Briefly, Japanese patients were aged ≥20 years and had histologically or cytologically confirmed well-differentiated panNETs (according to World Health Organization 2004 classification), as well as unresectable advanced or metastatic disease with documented radiologic progression per Response Evaluation Criteria in Solid Tumors v1.0 (RECIST), ≤12 months prior to study enrollment. Additional inclusion criteria were: ≥1 measurable target lesion; Eastern Cooperative Oncology Group performance status (ECOG PS) 0 or 1; and adequate hepatic, hematologic and renal function.
Patients were excluded if they had any of the following: brain metastases; prior treatment with any TKIs or anti-VEGF angiogenic inhibitors; uncontrolled hypertension (despite therapy); myocardial infarction, severe/unstable angina, congestive heart failure or pulmonary embolism in the previous 12 months.
Treatments and assessments
Treatments and assessments for the Phase II trial have been reported previously (17) . Patients received oral sunitinib 37.5 mg/day on a continuous daily dosing (CDD) schedule, and each treatment cycle lasted 4 weeks. Dose could be temporarily interrupted or reduced to 25 mg/day to manage toxicity. The sunitinib dose could also be increased to 50 mg/day (if no response was observed in the first 8 weeks and if individual tolerability permitted). Patients were treated until within 3 months of achieving median PFS or 2 years after the last patient enrolled started treatment, whichever was longer.
SSAs were permitted for symptomatic control. No other approved or investigational anticancer treatment was permitted during the study, including chemotherapy, chemoembolization therapy or immunotherapy. Prior treatment with non-VEGF-targeted angiogenic inhibitors was permitted.
Investigator-assessed tumor imaging by computed tomography (CT), spiral CT or magnetic resonance imaging was performed at screening and Weeks 5 and 9, and then at 8-week intervals during the study. Tumor responses were evaluated per RECIST criteria. Imaging studies at screening included, at a minimum, a CT scan of the chest, abdomen and pelvis. Brain CT and bone scan were performed at screening and repeated if metastases were present or suspected. Additional scans were performed when disease progression was suspected or to confirm a complete response (CR) or partial response (PR) based on RECIST.
AEs were monitored throughout the study. Severity was graded by the National Cancer Institute Common Terminology Criteria for Adverse Events v4.0. Other safety assessments included physical examination, vital signs, 12-lead electrocardiogram and laboratory evaluations.
Blood samples were collected predose on Day 15 (±1) of cycle 1 and on Day 1 of cycles 2-4 to evaluate trough concentrations (C trough ) of sunitinib and its active metabolite using a validated highperformance liquid chromatography−tandem mass spectrometry method (Bioanalytical Systems Inc., West Lafayette, Indiana, USA).
Statistical analyses
A sample size of at least 10 patients was determined based on feasibility of study conduct rather than statistical requirements. The full analysis set (FAS) included all enrolled patients who received at least one dose of study treatment. Efficacy and safety analyses were based on the FAS.
The primary endpoint was CBR-the percentage of patients with a confirmed CR, confirmed PR or stable disease for ≥24 weeks according to RECIST criteria. Secondary endpoints included: ORR; tumor shrinkage (the percentage change from baseline in the sum of the longest diameter of target lesions); PFS; time-to-tumorprogression (TTP); overall survival (OS); safety and pharmacokinetics. OS data are updated with an additional 21 months of followup.
For binary data (CBR and ORR), point estimates of the rates and two-sided exact 95% CIs were calculated. Time-to-event endpoints (PFS, TTP and OS) were summarized using Kaplan-Meier methods. Descriptive statistics were used to summarize other parameters. Statistical analyses were performed using SAS version 9.2.
Results
Patients and treatments
Of 12 patients enrolled, 12 patients received treatment and were included in these final analyses. As of the 27 December 2013 cut-off date, all 12 patients had discontinued treatment, the majority (n = 8) owing to disease progression. Most patients were male (n = 8), <65 years of age (n = 11), had a non-functional tumor (n = 10) and had an ECOG PS of 0 (n = 11). The mean (standard deviation [SD]) sum of longest diameter (target lesion) was 119.3 (93.2) mm. Six (50.0%) patients overall had prior anticancer therapy: four (33.3%) patients had one and two (16.7%) patients had at least three prior treatment regimens.
The median (range) months on treatment was 10.6 (0.7-23.9); the median (range) number of treatment cycles started was 16 . The mean relative dose intensity was 55.8%. The sunitinib dose was interrupted in 11 patients and reduced in nine patients. The most frequently reported cause of dosing interruptions and dose reductions was AEs (Table 1 ).
Efficacy and pharmacokinetics
Six patients (50.0%) had a PR and three patients (25.0%) had stable disease for ≥24 weeks, for a CBR (95% CI) of 75.0% (42.8-94.5) (Fig. 1A) . Of the two patients with a functioning tumor, one had a PR and the other had progressive disease. ORR (95% CI) was 50.0% (21.1-78.9). Mean (SD) tumor shrinkage was -34.8% (28.8) ( Table 2 and Fig. 1B) .
Median (95% CI) PFS was 16.8 (9.3-26.2) months ( Fig. 2A ). Patients were treated for 2 years after the last patient enrolled started treatment. With a median follow-up period of 35.5 months (range 3.1-38.9), median OS (95% CI) was not reached (22.0 months-not estimable) (Fig. 2B) .
Dose reduction and interruption enabled continuous dosing of sunitinib (Fig. 3) . The C trough values of total drug (which is the summation of sunitinib and its active metabolite) observed at Cycle 1-4 in most patients were above 50 ng/ml, which is the estimated minimum concentration to achieve target inhibition based on the preclinical data (19) ; the steady-state C trough values of total drug after Cycle 5 were not monitored.
Safety
A total of 198 AEs were reported in 12 patients; 169 AEs were considered treatment related ( Table 3) . The most common all-causality and treatment-related AEs were diarrhea (n = 10; 83.3%), handfoot syndrome (n = 8; 66.7%) and hypertension (n = 8; 66.7%) ( Table 4) . The most common all-causality and treatment-related Grade 3-4 AEs were neutrophil count decreased (n = 4; 33.3%), lipase increased (n = 2; 16.7%), white blood cell count decreased (n = 2; 16.7%) and neutropenia (n = 2; 16.7%). One patient permanently discontinued treatment owing to an AE of enterocolitis. Three patients (25.0%) experienced serious AEs during the study: one patient had enterocolitis; a second patient had acute cholecystitis and cholangitis; and a third patient had convulsion and loss of consciousness. These were considered treatment related for the cases of enterocolitis, and convulsion and loss of consciousness. One patient died from multi-organ failure due to enteritis infection post treatment. Of laboratory results, five (41.7%) and six (50.0%) patients had post baseline thyroid stimulating hormone levels > upper limit of normal and < lower limit of normal, respectively. The maximum AE grade for hematology parameters reported was Grade 3: n = 1 (8.3%) for hemoglobin; n = 6 (50.0%) for absolute neutrophils; n = 1 (8.3%) for platelets and n = 3 (25.0%) for white blood cells. Of chemistry parameters, n = 1 (8.3%) Grade 3 AE was reported for alkaline phosphatase, amylase, hyperglycemia, hypoalbuminemia, hyponatremia and hypophosphatemia; n = 2 (16.7%) Grade 4 AEs were reported for lipase.
Discussion
In this updated and final analysis of the Phase II study in Japanese patients with panNETs, the CBR was 75.0% and the ORR was 50.0%, thus supporting the data from the interim analyses (17) . Furthermore, the ORR of 50.0% was higher than the ORR reported in the sunitinib Phase III study in predominantly non-Asian patients (14) . Although comparisons between studies are limited, the median PFS in the current study in Japanese patients was equivalent to that observed in the global Phase III study (14) . Median OS was not reached in this study; this was similar to the initial global Phase III study results (14) , although updated analyses of OS in the Phase III study have reported a median OS of 38.6 months (20) .
Possible reasons for the difference in efficacy between the Phase II study in Japanese patients and the global Phase III study could be differences in patient background, AE management, and the medical environment, rather than ethnic differences. For example, a greater proportion of patients in the Japanese Phase II study had an ECOG PS of 0 (91.7%) and no prior systemic treatment (50.0%) than patients in the global Phase III study (61.6% and 33.7%, respectively) (14, 17) . Additionally, the proportion of patients with functioning tumors was 16.7% in the Japanese Phase II study and 29.1% in the global Phase III study (14) , and mean body weight was 60.2 kg and 68.0 kg, respectively (Pfizer data on file). Therefore, certain aspects of the patient population may explain the differences observed in efficacy between the Japanese and global studies. Indeed, according to the subgroup analysis of the global Phase III study, some subgroups displayed differences in efficacyprevious systemic regimens, functioning tumor and Ki-67 values (14, 17) .
AE profiles were similar to those of the Phase III study (14) . The most common AE in the current study was diarrhea, which was consistent with the Phase III study, although there were higher proportions of hypertension and hand-foot syndrome AEs in Japanese patients versus the global study population (14) . Furthermore, there was a greater incidence of Grade 3-4 hematologic AEs in the current Japanese study population. However, these AEs were manageable with dose reductions, dose interruptions, and/or supportive care in Japanese patients with panNETs.
The occurrence of all-grade AEs and ≥Grade 3 AEs was 100% and 100%, respectively, in the Japanese Phase II study, and 98.8% and 59.0%, respectively, in the global Phase III study (Pfizer data on file); discontinuations due to AEs occurred in 8.3% of patients in the current study and 21.7% of patients in the sunitinib group of the Phase III study (14) . Interestingly, mean relative dose intensity was lower in the current study (55.8%) than in the sunitinib group of the Phase III study (91.3%) (14) . This difference may be due to the fact that a greater proportion of patients in the Japanese Phase II study had ≥1 dose interruption (91.7%) and ≥1 dose reduction (75.0%) compared with sunitinib-treated patients in the global Phase III study (30% and 31%, respectively) (14) . Additionally, AE management through dose interruptions and/or reductions was higher in the current study versus the Phase III study: respectively, 100% and 54.2% of patients had dose interruptions and/or reductions due to AEs (Pfizer data on file). The median duration of treatment (total amount of doses) was 4.6 months in the Phase III study and 10.6 months in the current Phase II study in Japanese patients. Moreover, recent reports suggest that sunitinib-induced AEs could be biomarkers of sunitinib efficacy in renal cell carcinoma and Patients who required only temporary discontinuation, but not dose reduction, OR patients who required both temporary discontinuation and dose reduction owing to AEs.
gastrointestinal stromal tumors; thus, it might be important to make efforts to continue sunitinib administration despite AE occurrence (21) (22) (23) (24) . These data suggest that appropriate AE management through dose reductions and interruptions can prolong the treatment of sunitinib and maximize its efficacy despite lower relative dose intensity. Indeed, a recent study of sunitinib in Japanese hospitals demonstrated that successful AE management with appropriate dose reduction and interruption enabled long-term continuation of sunitinib in Japanese patients with panNETs (25) . Furthermore, prolonged treatment period was significantly correlated with decreased relative dose intensity (25) .
Some limitations of the current study include the small numbers of patients in this study, i.e. small sample size, and the open-label and non-comparative nature of the study. Additionally, the World Health Organization 2004 classification for panNETs was used, rather than the 2010 classification-the year when the study was initiated; therefore, no information was obtained on Ki-67 values in these Japanese patients with panNETs. Despite these limitations, the results from this study support the efficacy and safety of sunitinib 37.5 mg/day on a CDD schedule in Japanese patients with progressive, advanced/metastatic, well-differentiated, unresectable panNETs. Furthermore, these data support previous studies of sunitinib in patients with panNETs, as well as other indications, in both global and Japanese populations. Finally, appropriate AE management through dose reduction and interruption may prolong treatment with sunitinib and maximize its efficacy. Conflict of interest statement 
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